Background. Recent literature has associated hepatitis C virus with the development of non-Hodgkin lymphoma. Hepatitis C virus infection appears to promote lymphoproliferation, providing a plausible mechanism for a causative association; however, despite prior reports of patients with comorbid hepatitis C infection and Waldenström macroglobulinemia, the literature is in disagreement regarding whether there exists an association between these two conditions. Case Presentation. This case report describes a 57-year-old African-American male with chronic hepatitis C infection and cryoglobulinemia who presented with several episodes of transient confusion and paralysis and was found to have symptomatic hyperviscosity. The recognition of his condition was facilitated by characteristic findings on ophthalmologic examination. He was subsequently diagnosed with Waldenström macroglobulinemia on bone marrow biopsy. Conclusions. An up to date, comprehensive review of the literature suggests an association between hepatitis C and Waldenström macroglobulinemia. Data on optimal treatment of patients with comorbid hepatitis C infection and Waldenström macroglobulinemia is limited. We have provided a comprehensive review of previously explored treatment options to guide management of other similar patients. Our patient has since been treated with repeated plasmapheresis with a plan to pursue antiviral therapy.
Background
Waldenström macroglobulinemia (WM) is a lymphoproliferative B-cell disorder characterized by both an immunoglobulin (Ig) M monoclonal protein in the serum and lymphoplasmacytic cells in the bone marrow (BM). Like WM, cryoglobulinemia is associated with chronic lymphoproliferation and paraprotein production. Cryoglobulinemia is common in WM (8-18% of patients) as well as in hepatitis C virus (HCV) infection. The mutual association of both WM and HCV with cryoglobulinemia has led to speculation that HCV infection may play a causative role in WM and/or other nonHodgkin lymphomas (NHL) [1] .
Plausible mechanisms for a role of chronic HCV infection in the development of WM include both cytokine-mediated and direct viral stimulation of B-lymphocytes, triggering clonal proliferation and progression to lymphoid malignancy in some patients. However, there is disagreement in the literature as to whether this hypothetical association between HCV and WM exists in practice [2] . To fully assess the question of a possible role of HCV in the pathogenesis of WM, we conducted a comprehensive literature search for articles pertaining to both HCV and WM or treatment of NHL (Figure 1 ), yielding a total of 28 articles (Table 1) .
Some epidemiologic studies have found evidence supporting an association between HCV and NHL. A metaanalysis found the prevalence of HCV in patients with Bcell NHL to be approximately 15%, markedly higher than in both the general population (1.5%) and patients with other hematologic malignancies (2.9%) [3] . An Italian group found a greater prevalence of HCV infection among patients with NHL (37.1%) than among age-and sex-matched controls (8.6-9.7%) [4] .
In addition to an association with NHL, other data support an association between HCV and WM in particular. Numerous studies suggest that WM is the most frequent NHL Exclusions: non-English, non-human, not pertaining to WM/lymphoplasmacytoidlymphoma and HCV, and could not obtain full text Figure 1 : CONSORT diagram. Articles were selected for review using the following queries.
subtype among HCV-related NHLs, with HCV infection found in 26-49% of WM cases [5] . A 1993 study found that 6/6 patients with WM were infected with HCV [6] . A United States Veteran's Affairs health facilities study found that HCVinfected patients had an almost 3-fold increased risk of WM (HR 2.76 [95% CI 2.01-3.79]) [7] . Another large population study found that HCV infection was associated with an increased risk of NHL overall (OR 2.2; CI 0.9-5.3) and of WM specifically (OR 5.2; CI 1.0-26.4) [8] . A study of Japanese patients revealed that 16% of patients with known B-cell malignancy tested positive for HCV-RNA, while no patients were HCV-positive in the control group [9] . Of the 4 patients with WM, 1 tested positive for HCV [9] . Another study of HCV infection in cryoglobulinemic and noncryoglobulinemic B-cell NHL found that 16/17 WM patients were HCV-Ab positive (RR = 32.88, CI 24.42-39.43) [10] .
Despite these findings, other data argue against an association between HCV and WM [2, 3, [11] [12] [13] . One survey of WM patients revealed a prevalence of HCV (4.4%) comparable to the population average [11] . Another study was unable to demonstrate a significant association between the development of lymphoma and HCV infection (OR 2.02; CI 0.34-11) [3] . A cross-sectional investigation of 100 randomly selected patients with WM found a 0% rate of HCV positivity [2] . A retrospective cohort of 95 patients with B-cell lymphoproliferative malignancies found that none of these patients had been HCV-positive at the time of a remote serum preservation [12] .
Here, we report a case of a man with known chronic HCV infection who presented with cryoglobulinemia and was found to have WM. Furthermore, we describe our chosen treatment course and provide a review of the literature on available treatment strategies for patients in which these conditions are comorbid.
Case
A 57-year-old African-American man presented to the emergency department with acute loss of consciousness.
Medical history included chronic, untreated HCV without known cirrhosis, hypertension, cocaine use, type 2 diabetes mellitus complicated by retinopathy, and right knee replacement for osteoarthritis. Over the past year, he had experienced episodic melena which did not fully resolve after photocoagulation of gastric ulcers, resulting in anemia and necessitating several blood transfusions during this time.
In the several months prior to presentation, he experienced increasing malaise and a gradual decline in his visual acuity. In this context, he suffered four episodes of transient extremity paralysis, confusion, and gait instability, receiving medical attention after each. He initially received the diagnosis of transient ischemic attacks and was treated with aspirindipyridamole, which was later discontinued due to new onset of recurrent epistaxis.
He experienced the fifth episode of confusion and paralysis while being at a restaurant with his daughter, this time eventually collapsing and becoming nonresponsive. By the time of ED arrival, he had returned to baseline mental status and vital signs were within normal limits. Physical exam was remarkable for visual acuity of 20/50 in the right eye and 20/70 in the left, and a fundoscopic exam revealing multiple, bilateral dot-blot hemorrhages, perivenous sheathing, and macular edema, consistent with central retinal vein occlusion ( Figure 2) .
Initially, laboratory data were unavailable, as the patient's high blood viscosity prevented testing. Cryoglobulin screen was positive, and cryocrit was 35 mm (reference range 0-2 mm). On hospital day 2, he began to have epistaxis that was refractory to management by otolaryngology consultation, and the following day he was treated with plasmapheresis. Epistaxis resolved, and he reported feeling "better than I've felt in years. "
Further testing performed after initial plasmapheresis showed a serum relative viscosity of 3.3 (normal saline reference; normal serum range 1.6-1.9). Hemoglobin was 8.2 g/dL, and leukocytes were 4600/ L. HCV titer was 96,800 copies/mL. Serum and urine protein electrophoresis with immunofixation showed a monoclonal IgM kappa. Bone n/a Nicolosi Guidicelli et al. 2012 [3] No. Only geographic differences in prevalence of HCV in NHL.
n/a
Arcaini et al. 2012 [16] Yes. Lymphoma regression following IFN-based treatment.
Interferon +/− ribavirin effective in HCV + patients with indolent lymphoma. marrow biopsy showed monoclonal, kappa light chainrestricted populations of plasmacytic B lymphocytes and plasma cells, diagnostic of WM. The patient's course was later complicated by right knee prosthetic joint infection. He required multiple courses of antibiotics and his need for total knee arthroplasty reimplantation delayed definitive treatment with antiviral therapies. Plasmapheresis, performed every 2 weeks, was used successfully as a temporizing measure during this time. Seventeen months after initial presentation, he was started on simeprevir, pegylated interferon, and ribavirin for treatment of HCV.
Conclusions
While the debate over the association and possible etiologic role of HCV in WM continues, the literature on treating patients with WM and coexisting HCV infection is even sparser, mostly from case reports. In our literature review, we found a paucity of data on optimal treatment strategies for patients with both HCV and WM or other NHLs (Table 1 ). In particular, there are no US FDA-approved therapeutic agents for WM despite the growing advances in understanding WM [14] . Treatment options for patients with comorbid HCV and NHL include antivirals targeting the HCV or chemotherapeutics targeting the lymphoma. A literature review from 1997 postulated that interferon (IFN) treatment might be efficacious for HCV-related NHL, describing the regression of monoclonal B-cell expansion in those patients who cleared HCV following IFN treatment [15] . Another 2012 systematic review of HCV-associated B-cell lymphoma concluded that anti-HCV treatment with IFN and ribavirin is appropriate in select cases of B-cell NHL, also noting that the lymphoma regression seen after IFN-based treatment strongly supports a causative role for HCV in NHL [16] . Alternatively, regarding treatment strategies targeting the lymphoma, a review concluded that chemotherapy is generally well tolerated in lymphoma patients with comorbid HCV infection; even bone marrow transplantation has been used successfully in this setting [5] .
There exist few case reports outlining the application of these treatment strategies to WM in particular. Treatment with IFN-alpha and ribavirin was reported in a patient with HCV-associated cryoglobulinemia and WM [17] . After 9 months of antiviral therapy, the patient's HCV titers became undetectable, and bone marrow biopsy revealed regression of lymphoid infiltration. Eventually, a liver transplant was performed and the patient remained asymptomatic [17] . Another case report of comorbid HCV and WM described a combined cytotoxic and antiviral strategy with cyclophosphamide, prednisone, pegylated IFN, and alpha-2b treatments. Four months after cytotoxic and antiviral treatments ceased, the patient developed nephritic syndrome and died with sepsis [18] . Another patient with known HCV cirrhosis and recently diagnosed WM developed nephrotic syndrome; he was treated with repeated plasmapheresis, but the nephrosis progressed and he died 15 months after diagnosis [19] . Also reported was a patient with comorbid HCV and WM managed with repeated administration of melphalan, prednisolone, and vincristine over 4 years until developing and succumbing to hepatocellular carcinoma [20] .
We have described the presentation of an AfricanAmerican man with chronic HCV infection who later developed cryoglobulinemia and was diagnosed with WM. He has been treated with weekly plasma exchange therapy while awaiting antiviral treatment when appropriate. Our literature review revealed that a majority of relevant studies found an epidemiological association between HCV infection and WM but that this conclusion was not unanimous.
The literature for treatment of such patients is less robust. Available data, limited to case reports, suggest that initial antiviral treatment of the HCV may be a viable option. However, further investigation is needed to compare this approach systematically with initial treatment of WM, cotreatment of both conditions, and other treatment strategies. 
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